Abstract: Two visible spectrophotometric methods have been developed for the determination of Lamivudine(LMV) in pure and tablet forms. Method-A is based on oxidation of 3-methyl-2-benzathiazolinone hydrazone (MBTH) in the presence of iodoso benzene diacetate (IBDA) to form electrophilic intermediate which is an active coupling species that reacts with the coupler (LMV) by electrophillic attack on the most nucleophilic site on cyclic ring of the coupler. Method-B depends on diazonium salt formation and consequent reaction with resorcinol producing colored product. The absorbances are measured at 590nm and 540 nm for Method-A and Method-B respectively. Beer's law is obeyed in the concentration range of 10.0-60.0 μg/mL for both the methods. The correlation coefficient which is very close to unity indicates that there is good correlation between concentration and absorbance. LOD, LOQ, confidence levels and relative standard deviation are calculated for the developed methods. The developed methods were successfully applied to tablet forms.
Introduction
Lamivudine is chemically known as 2',3'-dideoxy-3'-thiacytidine, commonly called 3TC which is a potent nucleoside analog reverse transcriptase inhibitor. Lamivudine has been used for treatment of chronic hepatitis B at a lower dose than for treatment of HIV 1 . It is available as formulations in the market such as Epivir 150 mg or 300 mg tablets, Epivir-HBV 100 mg tablets Zeffix 100 mg tablets, lamivir HBV as lamivudine 100 mg, Lamivir 150mg Duovir (combination of Lamivudine 150 and Zidovudine 300) and Trioday (Combination of Lamivudine 300, tenofovir 300 and efavirenz 600).Some UV-Visible, HPLC, HPTLC capillary electrophoresis methods are reported for the determination of LMV in formulations, human plasma, plasma, saliva and cerebrospinal fluid, human serum, blood cells, urine and blood plasma. UV-spectrophotometric methods are based on the measuring the absorbance of the aqueous solution at 295nm and 270 nm respectively [2] [3] . A visible spectrophotometric method is reported which is based on the formation of colored product by condensation of the drug with three aromatic aldehydes such as DMAB, DMAC and Vanillin 4 . Three procedures based on redox and complexation reactions (KMnO 4 -Fast Green FCF, NaIO 4 -MBTH, and Fe (III)-Ferricynide) 5 are reported. LMV is also determined by using N-bromosuccinimide-Celestine blue, cobalt thiocyanate and ammonium molybdate as reagents 6 . The drug is also estimated by using NaNO 2 -phloroglucinol, Folin -cioalteu reagent, Fe (III)-phenanthroline, KBrO 3 -KBrmethyl orange and KBrO 3 -KBr indigocaramine 7 . Reverse Phase HPLC method 8 has been reported to determine LMV in tablet dosage forms in combination with zidovudine. HPTLC method 9 is reported for the determination of LMV and stavudine in tablet dosage forms. HPLC technique is applied for the determination of LMV in human plasma [10] [11] [12] , cerebrospinal fluid 13 , human serum 14 , blood cells 15 , urine 16 and blood plasma 17 . Capillary Zone Electrophoresis 18 is also used in the determination of the drug. Titrimetric and spectrophotometric methods 19 are also reported for the assay of lamivudine in pharmaceuticals. Recently three HPLC methods [20] [21] [22] and one UV-spectrophotometric method 23 have been reported for the determination of LMV in combination with other drugs. We now report two visible spectrophotometric methods which are based on oxidative coupling reaction with MBTH and IDBA(Method -A) and diazonium salt formation followed by reaction with resorcinol (Method-B).
Experimental
An Elico SL159 model, 2 nm high resolution, double beam, 1cm length quartz coated optics with wavelength range190-1100nm is used. 
Preparation of solutions

Standard solution of lamivudine
Method-B
Aliquots of standard LMV solution (0.5-3.0 mL) are transferred into a series of 10 mL calibrated tubes, then 1.0 mL of 0.25 M HCl solution and 1.0 mL of cold NaNO 2 solution are added and set aside for 10 min at 0-5 o C temperature. Finally 2.0 mL of resorcinol and 1.5 mL of NaOH solutions are added and the volume is made up to the mark with distilled water. The absorbance is measured at 540nm against a similar reagent blank.
Results and Discussion
Spectral characteristics
In order to ascertain the optimum wavelength of maximum absorption ( max ) of the colored species formed in the each method, specified amount of LMV is taken and color has been developed by following the prescribed procedure. The absorption spectrum is scanned on a spectrophotometer in the region of 380 to 900nm against similar reagent blank. The absorption curves are drawn by plotting wavelength against absorbance. The absorption curves of the colored species in each method show characteristics absorption maxima, where as the blank in each method has low or no absorption in this region.
Optical Characteristics
In order to test whether the colored species formed adhere to Beer's law or not, a series of working standard solutions containing varying amounts of LMV are taken, specified amount of reagents are added, made up to the mark, shaken well and measured the absorbance against the corresponding reagent blank at maximum wavelength. Plots are drawn by taking weight of the drug (µg/ml) on x-axis versus absorbance on y axis and are found to be linear. Beer's law limits, Molar absorptivity, Sandell's sensitivity and Optimum photometric range are calculated and are presented in Table 1 . Linear least square regression analysis is carried out for getting the slope, intercept and correlation coefficient values.
Precision and accuracy
The precision of each proposed method is ascertained from the absorbance values obtained by actual determination of six replicates of a fixed amount of LMV in total solution. The percent relative standard deviation and percent range of error are calculated for the proposed methods. To determine the accuracy of each proposed method, different amounts of bulk samples of LMV within the Beer's law limits are taken and analyzed by the proposed method. The results are given in Table 1 . 
Limit of detection & limit of quantification
The limit of detection (LOD) and limit of quantification (LOQ) of the developed methods are evaluated based on the standard deviation of the intercept (S a ), and slope of calibration curve (b).
Analysis of formulations
Commercial formulations containing Lamivudine are successfully analyzed by the proposed methods. The values obtained by the proposed and reference methods for the formulations are compared statistically (reference method 19 ) with F-test and t-test and found to be not different significantly. Percent recoveries are determined by adding standard drug to preanalysed formulations. The results of the recovery experiments by the proposed methods are listed in Table 2 .
Chemistry of colored products
Method-A
MBTH when treated with an oxidizing agent such as IBDA it undergoes oxidation with loss of two electrons and one proton forming an electrophilic intermediate, which is an active coupling species that reacts with the coupler (LMV) by electrophillic attack on the most nucleophilic site on cyclic ring of the coupler ortho/para to tertiary nitrogen atom of the drug. The probable sequence of reactions is presented in scheme. 
Conclusion
The developed visible spectrophotometric methods are based on oxidative coupling reaction with MBTH in presence of IDBA(Method-A) and diazonium salt formation followed by reaction with resorcinol (Method-B). The absorbances are measured at 590 nm and 540nm for Method-A and Method-B respectively. Beer's law is obeyed in the concentration range of 10.0-60.0 μg/mL for both the methods. The methods are found to be simple, precise and accurate. These methods can be successfully applied for the analysis of pharmaceutical formulations in any laboratory.
